The article presents briefly several methods of working time estimation. However, three methods of task duration assessment have been selected to investigate working time in a real construction project using the data collected from observing workers laying terrazzo flooring in staircases. The first estimation has been done by calculating a normal and a triangular function. The next method, which is the focus of greatest attention here, is PERT. The article presents a way to standardize the results and the procedure algorithm allowing determination of the characteristic values for the method. Times to perform every singular component sub-task as well as the whole task have been defined for the collected data with the reliability level of 85%. The completion time of the same works has also been calculated with the use of the KNR. The obtained result is much higher than the actual time needed for execution of the task calculated with the use of the previous method. The authors argue that PERT is the best method of all three, because it takes into account the randomness of the entire task duration and it can be based on the actual execution time known from research.
INTRODUCTION
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A well thought-out construction plan requires careful analysis of all the factors affecting the project.
It is necessary to define the most important activities, key terms of their implementation and the order of their execution [2] .
In the present article, the authors will focus on the measurement of time necessary for construction workers to complete the task they have been assigned. It is one of the most important elements in the process of building project planning. An accurate estimate of the execution time of each task enables more efficient implementation of tasks related to the construction. The results will be subject to analysis with the use of the PERT method.
The article is a continuation of the research subject previously investigated by one of the authors. Its results were presented in an earlier publication [7] . The authors are looking for the best method to predict how long given construction works are going to take.
TIME ESTIMATION OF THE TASKS
Estimation of the duration of a task is a very important element of planning and realization of any construction project. The knowledge of how much time is really needed to complete a task enables efficient management and gives the possibility to react if there is a danger of missing a deadline.
The completion time may be estimated using numerous methods, among which the following ones are worth mentioning:
-Use Case Points,
-Katalogi Nakładów Rzeczowych /Material Expenditure Catalogues/.
The advantage of the Delphi method [5] is participation of experts in assessing the time of task realization. The method comprises seven steps of the procedure algorithm for collecting experts'
opinions. If the opinions differ considerably, it is necessary to repeat interviewing the experts until the opinions become as convergent as possible. The procedure is completed by making a final estimation, which is the weighted average of the collected opinions, and the key importance is attributed to the mean assessment. An important feature of the Delphi method ensuring its objective character is the anonymity of experts, who cannot communicate with each other. All results are collected by an independent person -a moderator.
The computer approach to estimation of task duration includes the method called COCOMO II [1] , which is an updated version of COCOMO. The assessment of the task execution time is based on existing factors calibrated with the use of the data collected from161 realizations. The time is determined on the basis of its primary value (average) adjusted by taking into account the factors which affect task completion times and according to their impact on these times. The base of the factors has been built outside Poland and does not include Polish realizations, which could explain why it does not reflect adequately the realities of the domestic building market.
The Use Case Point method [8] is based on correcting the sum of the expected capacity factors that make up the scaled measured value factor multiplied by their weight. It is easier to use because calculation is simpler when compared with COCOMO II, but it also requires determination of the average time of the task.
THE PERT METHOD
The PERT method (Program Evaluation and Review Technique), which will be used for calculations later on in the article, was developed in the United States in 1956-1957. Duration of an activity is seen in this method as a random variable having the following parameters:
-a -optimistic time required to accomplish a task,
-m -the most probable time required to accomplish a task,
-b -pessimistic time required to accomplish a task.
Based on the characteristic parameters of the distribution, the value of the estimated time tp is determined according to the following formula: . The values of probability for the calculated probability factor W are included in the tables of standardized normal distribution. After conversion of the formula, it is possible to determine the time of the task completion with a given accuracy level.
EXAMPLE OF THE MATHEMATICAL PROBABILITY DISTRIBUTION FUNCTION APPLICATION
In article [7] the authors present a method of predicting the time of completion of certain activities using the normal and triangular distribution function. The estimated parameters of the distributions are set together in Table 1 ( stands for estimated expected value and for estimated standard deviation).
It is noteworthy that the expected values for both distributions are quite similar for all three construction works. Standard deviations differ to some extent, but it is the result of the differences in shape of the two types of distributions. On the basis of the analysis it is possible to assess the completion times for the three construction works. The approximations of triangular and normal distributions allow us both to assume the duration and assess the probability of completion of certain construction work within the assumed period of time. Example assumptions are presented in Table 2 . Probablitytriangular distrubution Probablitynormal distrubution Execution of the floor covering 4 P(t≤4) = 0.168 P(t≤4) = 0.159 5 P(t≤5) = 0.670 P(t≤5) = 0.587
Preparation of landings and corridors 6 P(t≤6) = 0.168 P(t≤6) = 0.134 7 P(t≤7) = 0.670 P(t≤7) = 0.449
Laying the floor covering on landings 5 P(t≤5) = .,500 P(t≤5) = 0.589 6 P(t≤6) = 1.000 P(t≤6) = 0.967
The same data that were used for calculations whose results are presented in Tables 1 and 2 were also used in Section 3 of this article.
APPLICATION OF PERT

RESEARCH DESCRIPTION
The analyzed data come from the research done using the timing method in one of the currently ongoing construction projects in Warsaw. The observed workers were assigned the comprehensive task of laying terrazzo flooring on the staircases and in the corridors of several blocks of flats. One team was performing the same works in ten similar staircases, using the same technology. For the Table   3 . All data were collected using the timing method. Due to the differences in the measurements of the executed works, a part of the collected times have been reduced using the proportion of the size of performed works on a given staircase in relation to the smallest one. The results of the standardization adjustments are presented in Table 4 . 
PERT CALCULATIONS
The prepared data shown in Table 4 were subsequently used in calculations performed according to formulas 1, 2 and 3. The optimistic time a was defined as the shortest one occurring in a given column. The pessimistic time b is the greatest value in a column. The arithmetic mean of the collected results was used to determine the most probable one -m. For illustration of the possibility to determine the time of task completion with probability P=85%, factor W=1.07 was adopted. The results of the calculations are presented in Table 5 . It may be concluded on the basis of the above calculations that the safe time to be assumed for the execution of a staircase consisting of 150m of steps, 112.6m2 of landings, 140 sets of plinths on the steps and 106.7m of plinths on landings is 502.39 man-hours. The value was determined with probability P=85%. This value offers a high level of reliability.
THE PERT METHOD COMPARED TO THE CALCULATIONS BASED ON THE KNR
Katalogi Nakładów Rzeczowych /Material Expenditure Catalogues/ are the most popular data bases used to estimate the time of realization of works. They contain data related to the average labour input needed to perform a measuring unit of a given work. Unfortunately, they do not cover all works and all possible technologies. Using the KNR, it is frequently necessary to base the estimation on the data referring to a similar activity rather than the exact one we are interested in.
The duration of the staircase flooring task, which was subject of the research presented in chapter 3.2, was also estimated with the use of the method based on the KNR. The current catalogues of the company providing materials and technology for laying the floors in the construction project under consideration [3, 4] were used for this purpose. Given the absence of flooring made of ready tiles and steps made of terrazzo in the KNR, ceramic flooring, very similar in technology of execution, had to be used as a substitute. It should be highlighted that terrazzo elements are thicker and heavier than ceramic tiles described in the KNR, which should be reflected in the amount of labour required for the execution of flooring. The relevant data and calculations are shown in Table 6 . In order to perform calculations, appropriate allowances had to be made to accommodate greater thickness of adhesive mortar. The catalogues included all preparatory works, according to their description. The obtained amount of effort required to execute the staircase is much larger than the actual results. The disadvantage of using the KNR is that what you get is the exact result, and no information is given allowing you to determine the probability of the result. Besides, it does not take into account the size of fronts, workers' skills or other factors affecting the task completion time.
SUMMARY
There are many methods for estimating working time. We can distinguish e.g. the parametric, probabilistic or empirical one among them. The PERT method is based on the actual completion time of the task, which makes it possible to determine the deadline with the assumed probability. It is therefore a lot more reliable than the KNR-based method. The completion time determined on the basis of the KNR is grossly overestimated and far from reliable.
The approach to estimating the time of task completion presented in this article will continue to be developed. The research on time estimation is still in progress and the authors are looking for solutions to build a mathematical model describing the working time of construction workers.
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STRESZCZENIE:
W artykule przedstawiono kilka metod szacowania czasu pracy: metoda delficka, COCOMO II, Use Case Points, PERT. Pierwszym etapem obliczeń była standaryzacja wyników. Etap ten był konieczny z uwagi na różnice obmiarowe pomiędzy klatkami schodowymi. Na podstawie proporcji wszystkie wartości pomiarowe zostały odpowiedni zmniejszone lub powiększone, co pozwoliło na dalsze porównywanie wartości i ich obiektywną analizę. Następnie obliczono wartości charakterystyczne dla metody (czasy a,m,b). Kolejnym krokiem było ustalenie czasów realizacji poszczególnych czynności składowych, jak również i całego zadania z prawdopodobieństwem sukcesu na poziomie wykorzystany do obliczeń metoda PERT został również oszacowany z wykorzystaniem KNR. Na podstawie Katalogów opracowanych do prac posadzkarskich zostało znalezionych siedem odpowiednich czynności (prace przygotowawcze były rozbite w każdej z nich). Na podstawie odszukanych nakładów pracy dokonano obliczeń uwzględniając wystandaryzowaną do metody PERT klatkę schodową. Uzyskany w ten sposób czas -669,05 roboczo-godziny był dużo większy w stosunku do metody PERT. Należy zaznaczyć, że w KNR wykorzystywane są czasy średnie (P=50%).
W podsumowaniu zaznaczono przewagę metody PERT nad innymi ze względu na zawarte w niej elementy probabilistyki jak i możliwość wykorzystania rzeczywistych czasów realizacji wynikających z przeprowadzonych badań. Zadeklarowana również została kontynuacja badań nad czasem pracy robotników budowlanych, która zakończy się zbudowaniem stosownego modelu matematycznego uwzględniającego czynniki wpływające na czas pracy i wydajność robotników budowlanych.
